The Orthonectida is a small, poorly known phylum of parasites of marine invertebrates. Their phylogenetic placement is obscure; they have been considered to be multicellular protozoans, primitive animals at a "mesozoan" grade of organization, or secondarily simplified flatworm-like organisms. The best known species in the phylum, Rhopaluru ophiocomae, was collected on San Juan Island, Wash. and a complete 18s rDNA sequence was obtained. Using the models of minimum evolution and parsimony, phylogenetic analyses were undertaken and the results lend support to the following hypotheses about orthonectids: (1) orthonectids are more closely aligned with triploblastic metazoan taxa than with the protist or diploblastic metazoan taxa considered in this analysis; (2) orthonectids are not derived members of the phylum Platyhelminthes;
Introduction
The Orthonectida are rare, multicellular endoparasites found in the internal spaces and tissues of a wide variety of marine invertebrates.
There are approximately 23 species in four recognized genera (Kozloff 1992) . Orthonectids have neither a gut nor a nervous system. Adult orthonectids are small (< 1 mm in length), freeswimming, and ciliated, and in most species have separate sexes. The outer layer of the body consists of a defined number of cells arranged in rings. Some of these cells are ciliated while others may contain few or no cilia, depending on the particular species examined. The inner body consists of a layer of cells containing contractile elements which enclose a mass of developing gametes (Kozloff 1969) . Males of at least one species,
Rhopaluru ophiocomae
Girard, also contain cells with collagen-like structures that may be paramyosin (Kozloff 1969 (Kozloff , 1990 .
Fertilization and development of the eggs occur within the female's body, and ciliated larvae consisting of two body layers are released and, depending on the orthonectid species, infect turbellarians, nemerteans, gastropods, bivalves, polychaete annelids, brittle stars, or ascidians (Kozloff 1992, pp. 2 16-220) . Once inside a host, the larva releases a mass of internal cells that gives rise to an ameboid, syncytial form called a plasmodium. Germinal cells within the plasmodium give rise to the adults, and in most species a particular plasmodium gives rise to either males or females. The origin of the plasmodium is controversial and most recently Kozloff (1994) considered the matrix of the plasmodium to be the cytoplasm of a host contractile cell.
The phylogenetic position of the Orthonectida remains uncertain. Most authors consider them to be representatives of the Kingdom Animalia (Brusca and Brusca 1990; Kozloff 1990 Kozloff , 1992 (unicellular protists) and "metazoans" (more complex multicellular animals) because of their lack of layered body construction and obvious gastrulation (Brusca and Brusca 1990) . The phylum Mesozoa is still recognized in some recent textbooks (e.g., Barnes, Calow, and Olive 1993; Roberts and Janovy 1996) , yet several authors have argued that orthonectids and rhombozoans deserve status as separate phyla based on considerations of body structure, particularly of the sexual stages, which are very different in the two groups (Kozloff 1969 (Kozloff , 1990 Brusca and Brusca 1990) .
In contrast to the widely held view that mesozoans are animals, Cavalier-Smith (1993) argued that they are members of the Kingdom Protozoa, the only protozoans to possess multicellular cell differentiation within their trophic phase. His argument is based on (1) their possession of tubular rather than plate-like mitochondrial cristae, a characteristic they share with other protozoans; (2) the apparent lack of the synapomorphy (collagenous tissue sandwiched between two dissimilar epithelial layers) that in his opinion best defines Animalia; and (3) his comment that mesozoans are no more complex than the multicellular spores produced by members of the phylum Myxozoa, which he also places within the Protozoa.
The status of Myxozoa as protozoans has been questioned by Smothers et al. (1994) PAUP* 4.0 d38-40 (Swofford 1996) was used to analyze the aligned sequences. Both minimum evolution and maximum parsimony were employed for the analysis. The minimum evolution criterion was used with HKY85 distances (Hasegawa, Kishino, and Yano 1985; Swofford 1996) , with and without rate heterogeneity. Rate heterogeneity was modeled using a discrete gamma distribution (Yang 1994 ) having shape 0.5, with the means of the four rate categories as the relative rates. In addition, log determinant distances (LogDet; Lake 1994; Lockhart et al. 1994; Steel 1994 ) were used to examine whether base compositional nonstationarity was a factor influencing the topology. Parsimony analyses were done using a 2:l transition/transversion weighting step matrix, thereby assigning greater cost to transversions than to transitions ("weighted parsimony"). All analyses used heuristic searches with random addition of taxa, and the tree-bisection/reconnection swapping algorithm. All bootstrap values (Felsenstein 1985) are based on 100 replicates, with heuristic searching.
Results and Discussion
Utilizing universal 18s rDNA primers A and B, an 1,853-bp PCR product was amplified from R. ophiocomae genomic DNA and cloned. With a total of 10 primers and several replicate sequencing reactions, 98% of the sequence information was obtained in duplicate; some parts were confirmed up to five-fold. Approximately 60% of the length of insert was sequenced from the sense strand, another 50% was obtained from the antisense strand.
BLAST searches (Altschul et al. 1990 ) disclosed high similarities with ribosomal sequences in GenBank. Highest homologies included small ribosomal subunitlike sequences from higher invertebrates but not from echinoderms, algae, or fungi (results not shown). This indicated that the sequence obtained was indeed 18s rDNA, and that it most likely originated from R. ophiocomae DNA and not from potential contaminants such as nucleic acids from echinoderm host (A. squamata) tissue, algae, or fungi. The sequence has been deposited in the NCBI GenBank database under accession number U58369. The complete data file in Nexus (D. R. Maddison, personal communication) format is available at (http://biology.unm.edu/-esloker/hanelt96.html).
Nearly identical topologies were obtained using the LogDet and HKY85 models, and with weighted parsimony. Congruent results from different models indicate that the topology is probably the result of phylogenetic signal and not an artifact of the particular methods chosen, since all of these methods make different assumptions concerning the evolutionary process. Figure 1 displays the HKY85 bootstrap consensus tree, which summarizes the results obtained with the three methods. All methods produced topologies that separated protists, plants, and animals, as well as the following well-supported animal clades: diploblastic taxa, triploblastic taxa plus myxozoans, flatworms, and deuterostomes.
Within the animalia, the sponges, placozoans, cnidarians, and ctenophores were clearly delineated from triploblastic phyla. The backbone of the triploblastic clade, representing several phyla such as nematomorphs and rotifers, consisted of very short branches and no single resolution was well supported.
Within these trees, the orthonectid R. ophiocomae grouped with the triploblastic metazoans, not with the protists, green algae, or diploblastic taxa. This node is supported by bootstrap values of 100%. Furthermore, the dicyemids (rhombozoans) were not the closest neighbor to R. ophiocomae (with an average pairwise distance estimate between them of 0.48), thus casting further doubt on the validity of the phylum Mesozoa previously used to encompass both groups. Rhopalura ophiocomae, dicyemids, and myxozoans formed three distinct lineages within the triploblastic animals; they did not group with the protists. As such, the results of this 18S-rDNA-based analysis did not lend support to the notion that these three phyla are "multicellular protists," a proposal based on the consideration of several intriguing anatomical characteristics (Cavalier-Smith 1993) . With respect to myxozoans, the results of this analysis were similar to those of Smothers et al. (1994) , who also placed myxozoans with the metazoans. Our results did not agree with the placement of the myxozoans with the phylum Cnidaria (Siddall et al. 1995) , however; the node supporting metazoan affiliation for the myxozoans was supported by a bootstrap value of 100% (see fig.1 ). Siddall et al. (1995) suggest that inclusion of the putative sister taxon Polypodium is essential to the resolution of myxozoans as cnidarians. Initial analyses that included Polypodium produced trees with a myxozoan plus Polypodium clade, intermediate between the triplobastic and diploblastic taxa, but never within the cnidarians, with a boostrap value of 9 1%. Additionally, removal of members of the flatworms as suggested by Stunkard (1954) . Within the triploblasts, affinities among phyla are considerably uncertain and bootstrap values become too low to make reliable assessments about the sister group of the orthonectids.
In our experience, this is a general concern that merits consideration in attempts to clarify placement of triploblastic phyla of uncertain phylogenetic affinity. In light of the 18S-based topologies obtained, the anatomical body plan suggests that orthonectids have undergone secondary anatomical simplification, possibly as a consequence of a parasitic lifestyle, a concept forwarded by Stunkard (1954) . Moreover, if the patterns revealed by 18s rDNA phylogenies are correct, then at least three exclusively parasitic metazoan phyla (Orthonectida, Rhombozoa, and Myxozoa) may have undergone extensive secondary morphological simplification, including loss of a gut and nervous system.
Further clarification of the issues addressed in this study has to await availability of sequence information from 18s ribosomal RNA genes and perhaps other genes of R. ophiocomae and additional orthonectid species. The specimen collection necessary to obtain such data will be hampered by the rare occurrence of orthonectids in general.
